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Since the introduction of dicumarol for 
clinical use* there have been differences of 
opinion concerning the prothrombin reduction 
required to produce an adequate anticoagu- 
lant effect. Some investigators recommend 
that the prothrombin level be reduced to 10 
to 30% of normal.2929-' Others state that the 
effective therapeutic prothrombin zone lies 
between 20 and 6070;~~ 35 and 5070~ and 50 
and 60%.' 

In  2 reported series of patients in which 
the prothrombin was reduced to 10 to 30% 
of normal, hemorrhage occurred in 5%3 and 
6(ro4 of the patients. Excessive hypopro- 
thrombinemia (below 10%) occurred in 10 
to 20% of patients following doses of dicu- 
marc1 which usually resulted in 10 to 30% 
prothrombin levels.-' It seems probable, 
therefore, that the maintenance of higher pro- 
thrombinl levels might be preferable if the 
anticoagulant effect is ad.equate a t  higher 
levels. 

Little experimental work has been done to 
clarify this problem. In  the experiments 
herein reported the anticoagulant effect of 
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dicumarol a t  various prothrombin levels in 
dogs has been studied in order to determine 
whether there is a definite and consistent cor- 
relation between prothrombin levels and anti- 
coagulant activity. 

The dogs were anesthetized with 
intravenous sodium pentobarbital, and the 
femoral artery was exposed and cannulated 
with as little trauma as possible. Thrombosis 
was produced by inserting into the femoral 
artery a sterile glass cannula 1.0 mm in 
diameter a t  its constricted opening. The can- 
nula widened out to a 3.5 mm diameter where 
it was connected to a mercury manometer by 
sterile rubber tubing. The entire system was 
filled with sterile physiological saline solution. 
Additional saline was introduced through a 
T side-arm in the tubing to produce a posi- 
tive pressure approximately equal to the mean 
arterial blood pressure in order to prevent 
the passage of blood into the tubing. When 
thrombosis occurred, the mercury column in 
the manometer ceased oscillating, and this was 
taken as the end-point. 

The prothrombin level of each dog was de- 
termined within two hours of the time it was 
cannulated by the Quick method, with the 
plasma diluted 507; with normal physiological 
saline solution. A normal curve was plotted 
each day the experiment was performed to 
eliminate errors due to a variation in the po- 
tency of the thromboplastin. Table I ex- 
presses the prothrombin times (in seconds) of 
various percentages of normal plasma (50% 

Method. 
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TABLE I. 
Plasma Prothrombin Times ( in Seconds) of Kormal IIealthy Dogs. 
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36 
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33 
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9.9 
10.2 
10.3 
10.8 
11.0 
11.3 
12.4 
14.0 
14.7 
17.1 
18.7 
27.G 
38.0 

8.2-11.5 
9.0-11.5 
9.0-11.8 
9.4-12.9 
9.6-13.9 
9.8-14.8 

10.0-17.6 
10.5-19.8 
12.7-21.6 
12.3-26.1 
15.3-32.3 
18.2-50.7 
35.9-41.0 

diluted) and shows the averages and ranges 
obtained. 

Results. In  a control series of 14 normal 
animals the femoral arteries were cannulated 
2 2  times. Thrombosis occurred, on the 
average, in 6.3 minutes, with a variation from 
3 to 10 minutes (Fig. 1) .  

The experimental series consisted of 32 
dogs ranging in weight from 8.0 kg to 14.2 
kg. Dicumarol in doses from 10.0 mg to 400 
mg was administered orally 72 hr before the 
experimental procedure. Prothrombin levels 
ranging from 95% to 8% of normal were 
obtained following this therapy. 

Prolongation of the “thrombosis time” was 
found to occur a t  prothrombin levels of 40% 
and below (Fig. 2). Of 23 dogs with levels 
below 40ch, the average time was 16.6 
minutes. In  20 dogs the thrombosis time was 
prolonged beyond the longest time of any 
in the control series. In  the remaining 3 
thrombosis occurred (10, 10 and 9 minutes) 
a t  about the same time as the longest in the 
control series (10 minutes). The average 
prolongation of the thrombosis time did not 
vary significantly a t  10, 20, 30 and 40% 
prothrombin levels. 

Prolongation of the i‘thrombosis time” was 
not found to occur in dogs with prothrombin 
levels of 44% or higher. All of the nine 
animals in this group had “thrombosis times” 
within the limits of the controls, the average 
being 7.2 minutes. 

I n  10 of the dicumarolized animals with 
prothrombin levels from 8 to 95%, there 

wxs no correlation between the Lee-White 
coagulation time and the cannula “throm- 
bosis time”. 

Comment. Advantages of the method 
used are that: (1) the endpoint is clear cut; 
(2)  thrombosis occurs in a relatively short 
period of time; and (3) the time of occur- 
rence of thrombosis in control animals is 
relatively constant. Since thrombosis oc- 
curred in or about the cannula, this is not 
strictly an in vivo method of producing throm- 
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bosis, as compared with clinical thrombosis. 
Neither is it an in vitro method, as shown by 
the lack of correlation between the Lee-White 
coagulation time and the cannula “throm- 
bosis time”. For the purpose sought in this 
experiment of obtaining a comparative quan- 
t ita t ive estimate of the anticoagulant activity 
of dicumarol at  various prothrombin levels, 
the method has appeared adequate. The 
method of producing thrombosis used in this 
experiment obviously does not simulate clini- 
cal conditions in which thrombosis occurs. 
A more suitable method of producing experi- 
mental thrombosis has not been devised so far 
as we know. 

The two striking results in the experiment 
are: (1) the sharp line of demarcation of 
anticoagulant activity at  a prothrom,bin level 

of 40% and (2) the apparent uniformity of 
the average anticoagulant activity a t  10, 20, 
30 and 40% prothrombin levels. 

It is to be emphasized that under the con- 
ditions of these experiments the response to 
dicumarol in dogs may bear little relation- 
ship to dicumarol response in man. Yet i t  
is apparent that in dogs: ( 1 )  prothrombin 
levels above 40% had no demonstrable effect 
upon prolongation of the thrombosis time and 
(2) prothrombin levels below 40% did sig- 
nificantly increase the thrombosis time in 
20 of 23 experiments. 

In  view of these results and the lack of 
conclusive experimental evidence elsewhere, 
the question must be raised as to whether the 
clinical use of prothrombin levels of 10% 
to 30% may ,be too low or whether levels of 
40% to 60% may be too high for effective 
yet safe anticoagulant therapy. 

As to the apparent uniformity of antico- 
agulant activity at  10, 20, 30 and 40%, this 
may merely reflect a limitation of the sensi- 
tivity of the method or else may reveal that 
an all or none, rather than a mass action 
phenomenon, is associated with the method. 
This cannot be definitely answered at  present 
from the data available. 

Conclusions. 1.  The anticoagulant ef- 
fect of dicumarol a t  various prothrombin 
levels in dogs has been studied. 

2. In control animals thrombosis occur- 
red, on the average, in, 6.3 minutes, with a 
variation from 3 to 10 minutes. 

3. In  dicumarolized dogs the time of 
thrombosis was not delayed at  prothrombin 
levels above 40%. Below 40% thrombosis 
occurred on the average, in 16.6 minutes. 




